ABSTRACT. Curauá (Ananas erictifolius) fiber was investigated as sorbent of diesel and biodiesel oils, and compared with peat, which is used commercially. The sorption tests were carried out for the unclassified fiber and within the granulometry ranges ≤ 180; 180-425; 425-850 and 850-3350 μm, in the times 5, 10, 20, 40, 60 and 1440 min. The sorbents were also submitted to a physycal-chemical and energetic characterization. The unclassified curauá fiber presented a medium sorption capacity of the diesel oil of 1.12 g oil g fiber -1 , similar to the one found for peat, which was 1.25 g oil g peat -1
Introduction
Accidents involving oil spills and its derivatives in the soil and in water bodies are usual and worrisome producing negative effects on the animal and human health, as well as the flora, affecting the economy, tourism and leisure due to the properties of those materials (Annunciado, Sydenstricker, & Amico, 2005; Lim & Huang, 2007; Aguilera, Méndez, Pásaro, & Laffon, 2010) .
In order to remove or recover the oil in situ, physical, chemical and biological processes can be used (Salanitro et al., 1997; Ribeiro, Smith, & Rubio, 2000; Hussein, Amer, & Sawsan, 2011) . In oil spills, sorbent materials are commonly used, and they may be natural or synthetic (Choi & Cloud, 1992; Lee, Han, & Rowell, 1999; Inagaki, Konno, Toyoda, Moriya, & Kihara, 2000; Teas et al., 2001; Sayed & Zayed, 2006; Srinivasan & Viraraghavan, 2008; Wu & Zhou, 2009; Franca, Oliveira, Nunes, & Alves, 2010; Peng, Lan, Guo, Yan, & Dang, 2013) .
In order to select an oil sorbent, oleophilicity, hydrofobicity, retention over time, the recovery of oil from sorbents, the amount of oil sorbed per unit weiht of sorbent, and the reusability an biodegradability of sorbent are important factors to be observed (Teas et al., 2001; Adebajo, Frost, Kloprogge, Carmody, & Kokot, 2003 inorganic and natural sorbents have the ability to absorb only tens of grams per sorbent gram, and its oil/water selectivity is not very high (Wu et al., 2014 ). Yet, they are ecological, biodegradable and low cost materials.
There are studies about the raw oil and diesel's sorption; however, on the biodiesel, which has an increasing production, there is little or nothing in the literature. With the incentive to biofuel production, especially the biodiesel, a product which competes directly with the fossil diesel, it is interesting that methods which aim at repairing diesel accidents can also be tested with the biodiesel. The study which compares pollution fighting methods for both fuels, may be applied to a possible situation and as an incentive to the production of biofuels, since these are less harmful to the environment (Ferla-Oliveira, Leão, Caraschi, Oliveira, & Gonçalçves, 2011) .
In the present study, the curauá fiber (Ananas erictifolius) was experimentally determined as sorbent for the diesel and biodiesel oils, and was compared with the commercial sorbent, based on peat.
Material and methods
During the sorption assays the commercial diesel oil (S1800) was used and obtained in a Petrobras gas station, in Botucatu, São Paulo State, Brazil, as well as the biodiesel produced by Biopar company, in Rolândia, Paraná State, Brazil.
The curauá fiber (Ananas erictifolius), used as a sorbent, was provided by Poematec company, in Santarém, Pará State, Brazil, and the commercial peat sorbent was obtained with Ecosorb company, from Americana, São Paulo State, Brazil.
Characterization of the biosorbents
The curauá fiber were separately grounded in a knife mill. The curauá fiber and the commercial peat sorbent were classified in a set of ASTM sieves (3350, 850, 425 and 180 μm) in mechanical sieveshaking.
After the granulometric classification of the sorbents, they were classified as to the humidity by the TAPPI T264 cm-97 standard (Technical Association of Pulp and Paper Industry [Tappi], 2000d) , and the ash by the TAPPI T211 om-93 standard (Technical Association of Pulp and Paper Industry [Tappi] , 2000a) standard. The oil content was determined by the method described by Silva and Queiroz (2002) , by extraction in soxhlet with petroleum ether.
The lignin was determined using the TAPPI T222 om-98 standard (Technical Association of Pulp and Paper Industry [Tappi], 2000b) , and the holocellulose by the TAPPI T249 cm-00 standard (Technical Association of Pulp and Paper Industry [Tappi], 2000c) . The cellulose determination was made based on the holocellulose content, after a 1 g sample of holocellulose was treated with 15 mL of 24.0% potassium hydroxide for 15 hours. The hemicellulose content was obtained by the difference between the holocellulose content and cellulose.
The hydrophobicity test was determined according to Ribeiro, Rubio, and Smith (2003) .
The calorific power was determined in a bomb calorimeter ALEMMAR Model KL-5, according to the NBR 8633 standard (Associação Brasileira de Normas Técnicas [ABNT], 1984).
Sorption experiment
The sorption assays were performed for the unclassified sorbents, that is, without granulometric classification, and for the ≤ 180; 180-425; 425-850 and 850-3350 μm granulometries, using the method described by Lee, Han, and Rowell (1999) , where 0.5 g of the sorbent were placed in contact with 20 g of oil in a 20 to 25ºC temperature, during times of 5, 10, 20, 40, 60 and 1440 min, in triplicate. The materials were filtered in a nylon filter with a 60 mesh opening, with the aid of a filtration system QUIMIS under vacuum for 1 min, and then weighed. The sorption was calculated by the equation:
where: m 1 = sorbent mass (g) + oil (g) m 2 = sorbent mass (g) m 3 = filter mass (g) + oil (g)
Statistical analysis
The experimental design was completely randomized in factorial arrangement with three factors: two biosorbents (tested with the diesel and biodiesel oils), six exposure times, four granulometries with three repetitions per treatment.
The experimental data were submitted to analysis of variance (ANOVA) and, afterwards, to the Tukey Test with significance level of 5%. The software Statistica 7.0 and graphical plot were used in the statistical analysis.
Results and discussion
The curauá fiber presents an ash content inferior to the peat's, due to the different characteristics and Acta Scientiarum. Technology Maringá, v. 38, n. 3, p. 295-300, July-Sept., 2016
origins of both materials (Table 1) . The high ash content present in peat is related to the mineral content of the plants that originate it, as well as the feeding waters of the peateries, which bring minerals in solution or in dispersion, or even in the very own substratum above which the deposit is formed (Toledo, 1999) . Ribeiro, Smith, and Rubio (2000) determined an ash content of 9.8% for peat, lower than the content determined in this study (15.2%), however, the peat with ash content between 10 and 15% is considered pure (Moraes, 2001 ). For the curauá fiber, contents of lignin, cellulose and hemicellulose of 6.50, 61.94 and 3.04%, respectively (Table 1) were determined. These contents are close to the ones found in the literature; for lignin (1.0-7.5%), cellulose (69.0-74.1%) and hemicellulose (9.9-21.1%) (Satyanarayana, Guimarães, & Wypych, 2007; Santos & Girioli, 2008; Santos, Spinacé, Fermoselli, & De Paoli, 2009 ). Thus, the curauá fiber has a lignin and hemicellulose content lower than the peat.
The peat presented a higher hydrophobicity compared to the curauá fiber; 66.9 and 0.0%, respectively. The poor hidrofobicity of natural sorbents is because the free hydroxyl groups. Sun, Sun and Sun (2002) have demonstrated that acetylation of free hydroxyl groups in rice straw with acetic anhydride have a more hydrophobic characteristic. Sorbents with high hydrophobicity show a higher sorption, due to the sorbent's affinity with the organical phase (Choi & Cloud, 1992; Lee et al., 1999; Ribeiro et al., 2000; Annunciado et al., 2005; Lim & Huang, 2007) . However, the hydrophobicity is not the only factor that influences the sorption, for usually the sorption by fiber mechanism is ruled by sorption (absorption and adsorption), capilarity, or by the combination of the three of them (Choi & Moreau, 1993) .
The sorption values for the unclassified samples submitted to sorption assays of diesel and biodiesel in times of 5, 10, 20, 40, 60 and 1440 min are presented in Table 2 .
The mean sorption of diesel in the investigated times showed that the peat had a better performance than the curauá fiber, 1.23 g oil g fiber , respectively. However, in the biodiesel sorption the curauá fiber was 36% higher than peat, (1.16 g oil g fiber -1 versus 0.85 g oil g peat -1 ) ( Table 2 ). For both diesel sorption time sorbent differed only 1440 min where peat showed better performance. For biodiesel sorption two sorbents differ in the 5 min time the curauá fiber had a better performance. Paulauskiene, Jucike, Juscenko, and Baziuke (2014) studied five natural sorbents, the results of maximum sorption capacity of diesel belongs to peat, 6,334 g g -1
and sawdust has the lowest diesel sorption 1,628 g g -1
. Means followed by the same lowercase letter in the column do not differ from each other at 5% probability by Tukey's test. Means followed by the same capital letter in the line do not differ from each other at 5% probability by Tukey's test.
The sorption analysis in the four granulometries ≤ 180; 180-425; 425-850 and 850-3350 μm, showed that the mean sorption of the diesel and biodiesel oils for the curauá and peat sorbents, for each granulometry, presented a significant difference in the biosorbent versus granulometry interaction (F = 9.272; p < 0.05) (Figure 1 ). , respectively. Lee, Han, and Rowell (1999) observed that the kenaf fiber had a sorption capacity of diesel between 2.34-6.36 g oil g fiber -1 , and as this work that the sorption capacity increases with the increase of granulometry. Pore size is an important parameter for absorbent material as it affects the rate at which a fluid flows into or thorough a capillary network (Karan, Rengasamy, & Das 2011) . In a series of vegetable materials investigated as sorbents of crude oil, the decrease in granulometry resulted in an increase in sorption capacity (Annunciado et al., 2005) . Since the oil is more viscous as well as heavy, having a higher specific gravity, it goes on to the fiber and moves into the interior of the fibrous mass (Karan et al., 2011) . The sorption is influenced by the viscosity of the oils, and the decrease in viscosity reduces the absorption inside the pores and capillaries, the crude oil presents a higher sorption of materials due to the adherence to their surfaces and inside the pores during the drainage (Teas et al., 2001) .
When analyzing the biosorbent interaction, the exposure time to biodiesel and the granulometry, there was a significant difference (F = 3.45; p < 0.05). It was observed a distinct behaviour for each biosorbent regarding the mean biodiesel sorption (Figure 2 ). For the lowest granulometry it was verified a higher homogeneity of the sorption results of the oils in each time for the two investigated sorbents. For the curauá's highest granulometry it is verified a decrease in the biodiesel sorption in the times 40 and 60 min, which increases again in the time 1440 min (Image 2D). The oil with higher viscosity tends to have higher initial sorption ratio (Wei, Mather, Fotheringham, & Yang, 2003) . When comparing the sorption capacity, in the granulometry 180-425 μm, the peat was more effective in all the times ( Figure 2B) . Ferla-Oliveira, Leão, Caraschi, Oliveira, and Gonçalçves (2011) verified that for the coconut fiber the increase in granulometry positively influenced the increase in the sorption of the diesel and biodiesel oils. The granulometry control contributes to a good performance of the sorbents, besides, the sorption is dependent on their superficial area (Annunciado et al., 2005) .
The curauá fiber, in its highest granulometry, was 31% more effective for the diesel sorption, and 40% for the biodiesel sorption. Saito, Ishii, Ogura, Maemura, and Suzuki (2003) found that for the Sugi Bark fiber, the 600 μm size was 50% more effective than the fiber with 53 μm, after 15 min of immersion.
Upon approval by the competent environmental authority, after usage, the sorbents must be collected and sent for proper disposal (Lopes, Milanelli, & Gouveia, 2005) . When not reused, the sorbents are incinerated. Due to the sorbents' energetic content and the sorbed oils, in Table 3 are presented the results of the Calorific Power of the sorbents, in natura and after sorption of the diesel and biodiesel oils in the time of 60 min. The time of 60 min was chosen because for diesel and biodiesel sorption by sorbents unclassified have no significant difference in sorption up to this time. The peat presented calorific power of 16823.6 kJ kg -1 and, according to Moraes (2001) , it can be considered a fuel when the calorific power is higher than 14653.8 kJ kg -1 . The curauá fiber in natura presented a calorific power higher than peat. After the oils (diesel and biodiesel) sorption, were found higher calorific power values for peat, since the oils (diesel and biodiesel) sorption by peat was higher (Table 2) .
Conclusion
From the results, it is possible to conclude that the curauá fiber without granulometric classification Acta Scientiarum. Technology Maringá, v. 38, n. 3, p. 295-300, July-Sept., 2016 presents a diesel sorption similar to the commercial peat sorption, in the biodiesel sorption the curauá fiber was 36% higher than peat. The peat showed the highest mean sorption values of both oils in the granulometry of 180-425 μm, decreasing with the granulometry's increase. With the granolumetry's increase, the curauá fiber had an increase in the biodiesel sorption and remained constant regarding the diesel sorption. The calorific power of the sorbents after sorption was higher due to the sorbed oil
